Abstract In order to understand the management of regional vegetation, numerical classification and ordination are widely used to investigate community distribution and vegetation features. In particular, two-way indicator-species analysis programs (TWINSPAN) classifies plots and species into different groups. De-trended correspondence analysis (DCA) and canonical correspondence analysis (CCA) reflects the relationship between community and site conditions. Afforestation with Larix olgensis Herry. Plantations is a suitable restoration strategy on post-agricultural fields in the Lesser Khingan Mountains. The results of this study show how these plantations develop over time to establish a reliable pathway model by measuring and clarifying the succession process. Twenty-eight L. olgensis plantations along a 48-year chronosequence of afforestation were investigated with a quadrat sampling method. Species composition, community structure attributes of diversity, and site conditions were analyzed. Communities were classified by TWINSPAN into five successional stages: immature, juvenile, mid-aged, nearmature and mature. Classifications were validated by DCA and CCA analysis. Site conditions such as soil and litter thickness, soil organic matter, soil density, and pH were measured. Successional stages varied in community composition and species population, accompanied by time from afforestation and a gradient of site conditions. This gradient showed changes in vegetation occurrence and diversity coinciding with changes in soil conditions. The study showed that L. olgensis plantations had marked predominance in growth and were associated with improved soil fertility and the formation of a stable plant community.
Introduction
For many years, the recovery of vegetation on a site has gained increasing attention worldwide. Research has been conducted to predict the resilience and stability of new vegetation on abandoned fields (Jordan et al. 1987; Rivera et al. 2000; Chitra et al. 2009 ), of forest recovery after harvesting (Allen and Philip 2008) , afforestation around mine sites (Bradshaw 1997; Carolina and Belén 2005) , or vegetation recovery following a range of disturbances (Karel and Petr 2001; Joana et al. 2011 ). Equal to assessing restoration effectiveness on different land types, understanding the governing mechanisms of post-restoration seral stability or successional trajectories using anthropogenic land use changes is necessary (Connell and Slatyer 1977; Leendertse 1997; Karel and Petr 2001; Luisa et al. 2001) . However, the difference between pattern and process remains unclear, as terms such as ecosystem stability and resilience are often mixed with disturbance and successional processes confusingly. Generally, successional processes are evaluated quantitatively based on community structure, species diversity, and ecosystem processes. These same parameters have been identified as essential components for the long-term maintenance of an ecosystem (Ruiz-Jaen and Aide 2005) . Examining community structure provides information on vegetation patterns (Sarmiento et al. 2003; Kassi N'Dja and Guillaume 2008) and ecosystem suitability (Connell and Slatyer 1977) , and helps to predict successional pathways (Coast Information Team 2004; Toledo and Salick 2006) . Species diversity indices are employed to measure susceptibility to species invasion, necessary for assessing ecosystem processes (Nichols and Nichols 2003) . Gradients of age and various environmental factors that contribute to vegetation development have been consistently treated as important factors affecting the long-term stability of ecosystems (Aide et al. 1996; Souza and Batista 2004) . Therefore, quantifying and classifying successional stages of ecosystem recovery has become an important area of research (Lu et al. 2003; Liu et al. 2011) . Many vegetation restoration projects have focused on assessing success under natural conditions (Aravena et al. 2002; Carolina and Belén 2005; Jerônimo et al. 2011) , and some have been short-term studies (Elgersma 1998; Peter and Harrington 2009) . Several studies have addressed the recovery of post-agricultural forests (Wang et al. 2004; Kathryn and Mark 2005; Jacquemyn and Rein 2008) . In spite of their relatively small size in relation to other land uses, post-agricultural forests are considered important to reduce the fragmentation of isolated forest components (Howorth and Pendry 2006; Pieter et al. 2011) .
As a source of timber, mixed broadleaf-conifer forests of the Lesser Khingan Mountains are one of the most important forests in northeast China. Large areas of this forest type have been cleared for farming but because of concerns for environmental deterioration, there are efforts to reclaim these agricultural lands for forest development. Faced with these efforts over large parts of China (Li et al. 2008) , the Grain for Green Project (GGP) was developed to become an influential environmental project attracting international attention. According to the GGP, these forests need to return to a stable and sustainable ecosystem through ecological restoration. Plantations of Larix olgensis represent an important recovery for previously farmed lands. As an artificial community, these plantations are homogeneous in age and structure. Over time, the interaction between the community and site conditions influences the differentiation in community characteristics. However, the development and long-term maintenance of plantations are under study in the Lesser Khingan Mountains.
This paper evaluates the establishment of L. olgensis on previously cultivated agricultural fields. The objectives of this study were to measure and clarify the successional process to establish a pathway model for vegetation restoration. Specifically, several metrics of community structure, composition and site properties were compared to analyze the changes in ecological relationships and species diversity during succession. The goal was to describe the mechanism of succession of Larix olgensis and to propose a strategy for ecological restoration on farmlands in the Lesser Khingan Mountains.
Materials and methods

Study site
The study was carried out on Dongzhelenghe Forest Farm (N46°31 0 -46°49 0 ; E128°5 0 -129°15 0 ), a typical region in the Lesser Khingan Mountains which has a continental monsoon climate, characterized by average annual precipitation of 618 mm, 0.36°C mean annual temperature, average relative humidity of 68%, and average annual frost-free period of 100 days. The dominant landform is high forest covered hills with an elevation varying from 200 to 600 m a.s.l., and average slope about 7°. The primary soil type is dark-brown forest soil with little gravel, and thickness of 30-60 cm. The peak growing season starts in early July and ends in late August in this region.
Forests are classified as temperate mixed broadleafconifer forests based on the system of Chinese national vegetation regionalization (Cao and Li 2007) . While land was cleared for agriculture, some sites have reverted back to forests. For example, abandoned corn and soybean fields which were surrounded by forest, have been gradually reverted to forest since the mid-1960s for planting with L. olgensis. This study focuses on plantations that have returned farmlands that were previously forested back to a forest cover. The oldest plantation in our study had been established in 1962, while the youngest was established in 2002 when the Grain for Green Project was officially started. The vertical structure of L. olgensis plantations can be divided into canopy, shrub, and herb layers. L. olgensis accounted for more than 60% of the canopy volume, as the most dominant species. Associated species were Ulmus pumila L., Acer mono Maxim., Picea jezoensis var. komarovii (V.N. Vassil.) W.C. Cheng and L.K. Fu with other species occurring occasionally. Shrub species were mainly Philadelphus schrenkii, Sorbaria sorbifolia, Lonicera chrysantha, Acanthopanax senticosus, and Deutzia parviflora. Herbs were Cardamine leucantha, Filipendula palmata, Carex callitrichos, Pteridium aquilinum, and Impatiens nolitangere.
Sampling
To study the successional processes of L. olgensis plantations on farmlands, samples were collected simultaneously at different successional stages using a space-for-time substitution (Carolina and Belén 2005) . In 2010, twentyeight random plantations with initial planting densities of 2883 seedlings per hectare were selected to represent a 48-year chronosequence. They were distributed among five age classes: 7-10 years (n = 4); 11-19 years (n = 6); 21-27 years (n = 10); 32-37 years (n = 5); 41-48 years (n = 3). The plantation age of these former farmlands were obtained from inventory data of the Dongzhelenghe Forest Farm; all plantations were under similar management. Quadrat plots 20 m 9 30 m, 5 m 9 5 m and 1 m 9 1 m were used for tree, shrub and herb inventories, respectively. Five shrub quadrats were set at the center and corners of the 20 m 9 30 m plot, and twenty herb quadrats were at the corners of each shrub quadrat. Soil profiles in the center of the plot and four evenly distributed points on diagonals were established for collecting soil samples.
Evaluation
In each quadrat, the number and average height of all plant species were tallied and the diameter at breast height (DBH, 1.3 m) of each canopy species were measured. The percent cover of shrub and herb species was determined. The survey was restricted to woody species with a DBH [ 5 cm, which is consistent with a previous study with a similar length of chronosequence by Howorth and Pendry (2006) . The total number of species was 112, including 18, 21 and 73 for tree, shrub, and herbs, respectively. Thirtyfive dominant species were recorded (Table 1) . Site factors of elevation, slope, litter layer thickness, and soil thickness were measured by GARMIN eTrex H handheld GPS, compass, and steal tape. Numeric ranks were used to express the position of slope and aspect for establishing site condition matrix. Upper, middle and lower slope positions were designated by 1, 2 and 3, respectively. Aspect was divided into eight groups of 45°sections. Given the predominant aspect in the field, 247.5°-292.5°became aspect 1, with aspect 2 corresponding to 292.5°-337.5°. Soil samples were collected from four points in each plot, blending into a single batch sample for testing physical and chemical characteristics. Soil pH was measured by potentiometric technique (McKeague 1978) , and soil organic matter by heating outside the potassium dichromate volumetric technique (Man et al. 2010 ).
Data analysis
After floristic inventories in 28 plots, 112 species importance values were calculated by relative density, frequency, and significance (tree) or coverage (shrub, herb) using the following formula:
where IV is the importance value, RD the relative density, RF relative frequency, and RDO relative significance or coverage. An IV matrix of 122 species 9 28 plots and a site condition factor matrix of 28 plots 9 9 site factors were developed and standardized by logarithmic conversion as a basis of the succession analysis.
A two-way indicator-species analysis (TWINSPAN) in WinTWINS software packages (Hill 2005 ) was used to classify the successional stages of the communities with the IV matrix.
The number of species was analyzed by ANOVA followed by a Tukey post hoc analysis for multiple comparisons (SPSS 16.0) . The Sorensen similarity index was used to analyze species composition of communities at different stages in terms of species number in each layer or community based on the following formula:
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where CC is the Sorensen similarity index, a the number of the same species in two communities being compared, b and c the numbers of species in each of the communities in the comparison.
De-trended correspondence analysis (DCA) and canonical correspondence analysis (CCA) in CANOCO (Pinder et al. 1997; Ter Braak and Š milauer 2002; Lep and Milauer 2003) were used to analyze the relationships between the succession stages using the IV and site condition factor matrices. By way of DCA and CCA, graphic ordination maps of plots (or plot groups defined by TWINSPAN), were developed to show the distribution patterns as well as the relationships among them.
After the quantitative analysis of vegetation, three diversity indices (including heterogeneity, evenness and richness) of the species in each plot were measured to reveal their variation along the stand age gradient. General equations were adopted to calculate the Shannon heterogeneity index (Pielou 1975) , the Pielou evenness index (Whittaker 1972 ) and the Margalef richness index (Clifford and Stephenson 1975) .
Results and analysis
Classification of succession stages
The twenty-eight plots were classified into groups of three and five on different levels using TWINSPAN (Fig. 1) . Based on the measurements and field observations, the dendrogram defined five different successional stages of , with little surface organic litter. It was the primary period of the restoration progress and took 11 years to reach the juvenile stage. After planting L. olgensis, herbs quickly emerged in great numbers during this stage. The total coverage of the community was around 90.4%. The coverage of tree, shrub and herb layers was 18.6, 2.3 and 86.5%, respectively. L. olgensis had an advantage in the canopy layer, whose importance value ratio reached 83.06%. Trees were 3.0-8.1 cm DBH and 3.1-7.3 m height. Population densities were 1963-2184 trees ha -1 . Herb layer species were abundant, 23.5-36.7 cm in height, and exhibited a high level of ground coverage. Only a few invasive trees and shrubs were to be found.
Juvenile (II): Larix olgensis-Viburmum sargentiiCardamine leucantha
The juvenile stage usually started 11 years after the establishment of Larix, and the previous farmland had formed a relatively stable forestland. Plots as 6-9 were in this association and were in the middle or lower gentle hills with aspects between southeast and southwest, at an elevation of around 300 m. The close environment enabled the conversion of gradually accumulated litter into organic matter and then into the soil. . The main companion species were Acer mono and Betula platyphylla. The shrub layer developed quickly, with the dominant species of V. sargentii and main companion species were Sorbaria kirilowii and C. mandshurica. Although the herb species richness decreased, the herb layer was gradually recovering from then, with the dominant species being C. lanceolata and main companion species Sium suave and Filipendula palmate.
Near-mature (IV): Larix olgensis-Sorbaria kirilowiiImpatiens nolitangere
The near-mature stage developed from the mid-aged stage through a second thinning and usually started after 30 years. This association included plots 21-25 on the middle position of southeast to southwest hills at approximate 380 m with a 6°gradient. On the forest floor, the litter layer (LLT) was 4.3 cm and the soil 48.1 cm. The SOM was 21.3 g kg -1 and considered an improvement in soil quality. The total coverage of this near-mature community was around 83.4%. The tree coverage was 72.1%, which was less than that of the mid-aged community due to thinning. Also because of the thinning, shrub and herb Forest succession in post-agricultural Larix olgensis plantations in northeast China layers continued to grow steadily with coverage of 26.4 and 30.2%, respectively. L. olgensis remained the dominant species of the tree layer, with average DBH of 16.1-16.6 cm, 16.3-17.2 m heights, and 783-936 trees ha -1 . The dominant species of the understory were S. kirilowii and I. nolitangere. The species diversities of the association increased rapidly. The main companion species in this community were B. platyphylla, U. pumila, Philadelphus schrenkii, C. mandshurica, C. lanceolata and C. leucantha.
Mature (V): Larix olgensis-Philadelphus schrenkii-Carex lanceolata
The mature community was developed from the near-mature community starting 40 years after the farmland was afforested. It was the most advanced succession stage in the study area. Plots 26, 27 and 28 belonged to this association and were located on the lower 10°slopes with southeast aspects at 310 m elevation. The litter layer reached a maximum 4.6 cm for the long time accumulation. Similarly, the highest value of soil thickness was 52.3 cm and soil organic matter was 19.7 g kg -1 were also found in this stage. The canopy coverage had fallen to 60.3%, but shrub and herb covers increased to 36.8 and 50.4%, respectively. The total coverage of the community was over 90%. L. olgensis, P. schrenkii, and C. lanceolata were the dominant species of the tree, shrub and herb layers, respectively. The importance value of L. olgensis was lower than in the preceding stages, but the importance value contribution ratio of these three dominant species was as high as 31.3%. The most common species included U. pumila, S. kirilowii, and Oxalis corniculata. The mean DBH of L. olgensis was 27.4-29.2 cm, with heights of 26.3-28.4 m, and 520-576 trees ha -1 .
Ordination analysis of succession
DCA ordination diagram of plots
DCA ordination eigenvalues (k) of the top two axes were 0.893 and 0.757, and the joint explained variation was 61.1%. The AX1 and AX2 were used to draw two-dimensional scatter diagrams (Fig. 2) of the plots. AX1-DCA represented a successional gradient of time since afforestation and a soil thickness gradient, as the succession periods became longer and soil becomes thicker from right to left. Correspondingly, the types of community varied recognizably from right to left. AX2-DCA represented the gradient of leaf litter thickness and soil organic matter (Fig. 2) . The succession community types, classified by TWINSPAN, show a trend from immature to mid-aged to mature. Immature communities (I) located in the lower right corner, mid-aged communities (III) in the center and mature communities (V) in the top right of the scatter diagram. Community types aggregated in their own distribution range with clear boundaries. In other words, the two-dimensional scatter diagram accurately reflects the relationship among communities as well as the relationship between communities and site conditions. IVs of L. olgensis declined from 83.1% in stage I to 68.3% in stage III to 57.7% in stage V (Table 1) . Moreover, the species diversities of the community gradually increased. As such, the direction of succession and its process were represented in the DCA ordination process and analysis for this study.
CCA ordination of plots
According to the classification of the 28 plots, further analysis of the five succession communities was developed by CCA ordination. In Fig. 3 , each site condition is indicated by an arrow, the length of which illustrates the correlation between community distribution and site condition. The quadrant in which the arrow is located distinguishes a positive or negative correlation. The CCA axes, especially the first and second axes, were strongly linked to site conditions, with ordination eigenvalues (k) of 0.426 and 0.337. The correlations of species-site condition were 82.1% and 75.1%, and the percentage accumulation of species-site condition variation was 54.1%. The first CCA axis (AX1-CCA) has a significant positive correlation with LLT, and also with ST and SOM ( Fig. 4; Table 2 ). In other words, LLT became thicker from left to right along AX1-CCA. The same changes were with ST and SOM as well. AX1-CCA reflected the changes of slope aspect from east to west, and rising position on the slope from left to right in the ordination plot. The second CCA axis (AX2-CCA) is significantly negatively related to pH and SD but is positively associated with elevation and slope. As the values increased on the AX2-CCA axis, the litter layer became thicker and eventually transformed into more SOM, which lowered the SD and the pH. Changes in elevation, slope, position and aspect were not as notable over their limited range. Thus, L. olgensis played a crucial role in community development.
The distribution of plots on CCA ordination diagram shows the relationship between successional communities and site conditions. Immature communities are located in the lower left corner, associated with higher pH and SD. The juvenile and mid-aged community are in the center. Near-mature and mature communities are in the upper right quadrant with deeper LLT, deeper ST and more SOM.
CCA ordination of main species
The distribution of the main species within different communities was also influenced by site conditions, following the same trends as the CCA plot ordination (Fig. 5) . Since the site conditions showed significant changes from one succession stage to the next, it therefore follows that the composition of associated dominant species differed. L. olgensis and C. lanceolata were dominant in all communities (Table 1) , and were located in the core of the CCA ordination plot. Some adaptable species such as C. mandshurica, C. leucantha and I. nolitangere appeared at several successional stages. These species had relatively unlimited space for development and were also located near to the centre of the CCA ordination plot. However, other species that were not found in all succession stages showed two main distribution cases. In one case, species were present only at one community stage as absolute or secondary dominant species throughout the distribution area of the community, e.g., Quercus mongolica (immature stage). The other distribution case was characterized as limited species occurrence in transition or at borders between specific succession communities. For example, B. platyphylla located on the upper-right corner of the ordination plot as it appeared in near-mature and mature communities.
Changes in community structure
There were significant differences in the number of species among successional communities (Fig. 6) . At the beginning, the immature community had 49 species, most were herbs. Herb numbers continued to decrease until the midaged community, beyond which point the differences among successional communities were not significant at p [ 0.05. Conversely, the number of shrub species reached a maximum in the mid-aged community after about 20 years of rapid development (p \ 0.05), and then declined slightly (p [ 0.05). Dynamic changes in the number of tree species were similar to that of the shrub layer; they increased slowly and peaked during the nearmature stage but dropped drastically in the mature community. L. olgensis numbers declined from the initial high planting density. After 40 years of site restoration, there (1 Larix olgensis; 2 Acer mono; 3 Ulmus pumila; 4 Betula platyphylla; 5 Quercus mongolica Fisch.ex Turcz.; 6 Fraxinus mandshurica; 7 Picea jezoensis var. komarovii; 8 Spiraea salicifolia; 9 Rosa multiflora; 10 Lonicera Chrysantha; 11 Viburmum sargentii; 12 Corylus mandshurica; 13 Sorbaria kirilowii; 14 Philadelphus schrenkii; 15 Artemisia stolonifera; 16 Dryopteris crassirhizoma; 17 Filipendula palmata; 18 Cardamine leucantha; 19 Carex lanceolata; 20 Impatiens nolitangere; 21 Sium suave; 22 Oxalis corniculata)
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At the same time, comparisons of Sorensen indices among the five stages indicate that species composition varied with the stages (Table 3) . Sorensen indices of the canopy, understory vegetation and herb communities decreased as the intervals of successional stages increased. The results show that understory vegetation and at the whole community level, there were definite changes as successional stages increased, while the canopy was more stable within the confines of the Sorenson index. Importance values of main species in different successional communities were distinct (Table 1) . IVs of species can predict changes in species domination over time. Differences in species composition also reflect the natural colonization process and the results of competition for resources. In the canopy layer, IVs of L. olgensis decreased from 83.06 to 57.65 due to the relatively difficult natural regeneration of the species. However, population numbers of other associated species were increasing as they gradually entered the canopy. In the shrub layer, some dominant species were replaced small shrubs and formed stable shrub populations such as C. mandshurica. In the herb layer, some light-demanding herbs quickly established as pioneers like Artemisia stolonifera but did not persist over time. In contrast, Carex spp. populations covered the ground rapidly at the beginning of site conversion and remained one of the most dominant species during the succession process. I. nolitangere and other semi-humid herbs developed into dominant species over multiple successional stages. In fact, pioneer species of U. pumila, C. mandshurica, and Carex spp. were successful colonizers and played important roles in vegetation restoration of farmlands. Generally the understory vegetation, (especially herbs), was changing along with the dynamic variation of the canopy density, which directly affected light, soil water and other site conditions (Stephane and Dawn 2001) . 
Changes in species diversity
Species heterogeneity, richness and evenness in each quadrat were measured using the indices described above.
The results show not only the diversity of species composition among successional communities but also various structural characteristics and the distinctions of systematic levels. Shannon diversity index (H 0 ), Pielou evenness index (J) and Margalef richness index (D) present different patterns of change tendency with increasing stand age (Fig. 6 ).
H 0 increased during the community successional process as might be expected when transforming farmland to a single species plantation. While herbs comprised the bulk of species, and thus diversity components in the early stages, the development of a Larix canopy and the natural development of shrub and other tree species as components increased species occurrence and weighed diversity measures at a greater level than losses in the herb component. The situation began to change during the mature stage as the H 0 increase due to Larix was in decline as other competing species gradually assumed codominance in the canopy.
In the immature stage of succession, many herbaceous species occurred because of the open environment of full sunlight, but large tracts of herbs seldom occurred after the initial stage of establishment. Species richness increased with the development of populations of some species, the addition and development of others in the shrub and tree layers and the significant decrease in herb species during the successional process. When some species were able to coexist, the total number became relatively stable.
With the growing numbers of broadleaf species, shrubs and herbs, the J distribution decreased during the successional stages and the number of dominant species increased, leveling the evenness in distribution. These species roles became more important, and the community structure and composition of species became more complicated with the change of communities from immature to mature stages. While the shape of the curve was suggestive, the variability limits the inference on the shape of a characteristic curve in index trajectory. What was significant was the decrease in the J-shaped distribution in the mature community to a low of 0.086. That is, in the aggregate, the later successional period was associated with a lower evenness, as species dominance skewed the occurrence of the species within the community.
Analysis and interpretation of the three indices provide an assessment of the ground observations and their logical progression. As generalized averages, the values of H 0 , D, and J of Larix olgensis in this area were 1.733, 6.444 and 0.128 respectively.
Discussion
Due to similar origins as farmland and similar management history, space is used instead of a chronosequence approach (space for time substitution) for the examination of the long-term successional process, especially taking site conditions as important variables (Aravena et al. 2002; Allen and Philip 2008) . In this paper, ''static succession analysis'' clearly describes the development and process of Larix olgensis succession on hilly lands which were previously agricultural lands. The results of the TWINSPAN classification show five different stages in the succession process: immature, juvenile, mid-aged, near-mature and mature (Fig. 2) . These stages are also inferred by DCA and CCA ordination results (Figs. 2, 3, 4) . The ordinations for the quadrat data reflect a high degree of similarity of the gradient relation among trends, directions and process of successional stages and site conditions, both in the other analyses and in the field (Guariguata and Ostertag 2001; Kassi N'Dja and Guillaume 2008) . The floristic recovery of post-agricultural forests involves a long-term shift between contrasting plant communities, and this successional sequence could be considered as a general model of L. olgensis restoration of farmlands in the Lesser Khingan Mountains.
The occurrence of plant species in number and in presence shifted over time to accommodate the development space and available soil resources (Fig. 6) . As intraspecific and interspecific competition became severe with the development of species during the successional process, stand density of L. olgensis declined markedly, and some pioneer species as Artemisia stolonifera even disappeared. Simultaneously, the species composition at each successional stage shows the time available for their colonization which varied and became more complex within a dynamic, open forest system (Table 1 ). In the herb Table 3 Coefficient of  community similarity among  different stage communities   Layers  I-II  I-III  I-IV  I-V  II-III  II-IV  II-V  III-IV  III-V  IV Forest succession in post-agricultural Larix olgensis plantations in northeast China layer, many species of shade intolerant herbs (e.g., Artemisia stolonifera) were replaced by semi-humid species (e.g., Oxalis corniculata, Sium suave). In the shrub layer, Corylus mandshurica became dominant gradually with rapid growth and regeneration. In the canopy, the dominant role of L. olgensis decreased and broad-leaved species such as Ulmus pumila and Betula platyphylla became more typical. Furthermore, the species diversities varied greatly as the succession progressed. Species heterogeneity increased gradually, but richness declined during succession. This may have resulted from L. olgensis excluding the diversity of bryophytes and lichens as Clark et al. (2003) reported. Although species evenness remained almost the same from the immature to mature stage, the characteristics of the community changed markedly. Overall, the results reveal that the evenly distributed pattern of L. olgensis on post-agricultural lands gradually changed as succession proceeded, to finally form a relatively stable plantation community. It is unknown whether this mature stage community could be a climax mixed broadleaf-conifer forest in the over-mature community (Thomas 2004 ).
The results of DCA and CCA ordination successfully demonstrated a process of community succession and the characteristics of plots and species distribution. When site conditions significantly improved (e.g., thicker litter layer and soil), colonization and development of some species happened spontaneously. The successional processes of plant communities are mainly influenced by time since afforestation. They are also affected by natural plant mortality and management activities such as tending, pruning and thinning. Management can be a driving force in successional development and would accelerate the growth of vegetation favorable to native adaptable species (Kalev et al. 2007 ). Changes in community and site conditions indicate that the transitional period from immature to mature stages is a crucial period of management. Appropriate ecosystem-based management could increase the natural evolution process (Coast Information Team 2004) . In other words, unlike the slow pace of natural succession, an artificial restoration period of vegetation might be shortened through sound human management. However, this hypothesis requires further empirical study, and some underlying factors (e.g., species life history, light availability and forest microclimates) remain largely unexplored (Van and Franklin 2000; Gandolfi et al. 2007; Pieter et al. 2011 ).
Conclusions
As an important region of mixed broadleaf-conifer forests, the Lesser Khingan Mountains display special patterns of recovery and restoration by afforesting with Larix olgensis.
Our study shows that planting L. olgensis on post-agricultural fields has definite stages and patterns of community development and growth which are deemed beneficial for improving soil fertility and facilitating the formation of a stable community. The sequential development of this vegetation type takes approximately four decades to restore a self-maintained ecosystem. The plantations can be classified into five basic successional stages from immature to mature. The mature stage has a relatively stable community structure and improved site conditions, while L. olgensis, Corylus mandshurica and Carex lanceolata are the most common species. The establishment of the model of artificial recovery forest on hilly farmlands is of great value for matching species with site conditions, and would accelerate the community successional process through effective management.
